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Abstract 
Introduction: Radiotherapy, an 
important tool in multimodal oncologic 
treatment, can cause radio-induced brain 
lesion development after a long period of 
time following irradiation.    
Material and method: We report 4 cases 
with radio-induced brain lesions, admitted 
into the Fourth Department of 
Neurosurgery, Emergency Clinical 
Hospital Bagdasar-Arseni, during a 4 years 
period of time. 
Results: Two patients had meningiomas 
and two had unruptured cavernomas. 
Other side effects of radiotherapy, such as 
diffuse brain atrophy, 
leukoencephalopathy, optic atrophy, 
panhypopituitarism were also noted. The 
two patients with large meningiomas 
underwent surgery, with good outcome. 
Observation was the choice for the two 
asymptomatic cavernomas. 
Panhypopituitarism needed synthetic 
hormonal replacement therapy.  
Conclusions: Radiotherapy can cause 
long-term complications and can induce 
development of new brain lesions into 
previous radiation area. Meningiomas and 
cavernomas can be radio-induced brain 
lesions. Meningiomas can grow to large 
size, requiring surgery. Unruptured 
asymptomatic cavernomas can be left in 
place and patients are followed clinical and 
with serial imaging. Other findings after 
radiotherapy are diffuse brain atrophy, 
leukoencephalopathy, optic atrophy and 
panhypopituitarism.  
Key words: cavernoma, meningioma, 
radio-induced lesions, radiotherapy. 
Introduction 
Radiotherapy is an important tool in 
oncology. It is widely used in multimodal 
treatment of malignant brain tumors. 
Radiotherapy is not side effects free. 
Consequences can occur immediately after 
irradiation or after a period of time. Side 
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effects of radiotherapy include brain 
radionecrosis, malignant transformation of 
benign tumors and onset of new distinctive 
tumors.(9) 
In 1902 Frieben first described the 
etiologic role of radiation in tumor 
induction and Lacassagne confirmed this 
theory on experimental animals in 1933.(4)  
Radio-induced brain lesions occur 
inside a previously radiation area. They are 
not present at the time of radiotherapy and 
occur after a sufficiently long period of 
time following radiotherapy. Lesions must 
have a different histopathological diagnosis 
compare with the primary tumor and 
patients lack genetic predisposition for 
second tumor occurrence.(2;7;11) Most 
common radio-induced brain lesions are: 
meningiomas, vestibular schwannomas, 
gliomas, cavernomas, gliomas, sarcomas, 
etc.(10;11) 
Material and Method 
We report 4 cases with radio-induced 
brain lesions, admitted into the Fourth 
Department of Neurosurgery, Emergency 
Clinical Hospital Bagdasar-Arseni, during 
a 4 years period of time, from 2010 to 
2013. We retrospectively reviewed medical 
records, analyzing: demographic data, 
history, previous treatment, signs and 
symptoms at admission, general exam, 
neurological exam, cerebral imaging, 
decision making, treatment and prognosis.  
Case 1 
BF, M, 39 years old, was admitted in 
2001 in our department and was diagnosed 
with third ventricle tumor with upward 
extension into the both lateral ventricles. 
The patients underwent surgery, we 
performed a transcortical approach and 
total tumor resection. Histopathological 
exam was anaplastic ependymoma. 
Postoperative the patient underwent whole 
brain radiotherapy and spinal 
radiotherapy.  
Thirteen years later, in 2013, the patient 
was admitted with headache and gait 
disturbances. Cerebral MRI showed no 
tumor recurrence within the ventricular 
system and left parasagittal parieto-
occipital tumor, with dural attachment, 
well-defined, strongly enhancing contrast, 
sizing 38/37/38 mm (figure 1).  
 
  
 
  
Figure 1 
Cerebral MRI. No tumor recurrence within the 
ventricular system. Left parasagittal PO tumor, with 
dural attachment, well-defined, strongly enhancing 
contrast, sizing 38/37/38 mm. 
 
The patient was diagnosed with radio-
induced left parasagittal parieto-occipital 
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tumor and panhypopituitarism. The 
patient underwent second surgery and we 
performed total tumor resection. 
Histopathological exam was transitional 
meningioma. Postoperative outcome was 
favorable, with no neurological deficits. 
Case 2 
BML, M, 41 years old, was admitted for 
the first time, in 1992 with left lateral 
ventricle tumor and secondary 
hydrocephalus. The patient underwent 
surgery, we performed a transcortical 
approach and total tumor resection. 
Histopathological exam was germinoma. 
Latter the patient needed 
ventriculoperitoneal shunt for secondary 
hydrocephalus. Postoperative the patient 
underwent whole brain radiotherapy. 
 
  
 
  
Figure 2 
Cerebral CT. No tumor recurrence, left O 
porencephalic cyst, ventricular catheter, cerebellar 
hemisphere cavernoma with no signs of acute 
bleeding. 
 
Seventeen years latter, in 2010, he was 
admitted with severe altered general state, 
comatouse state, with sudden onset 24 
hours ago and acute respiratory failure. 
The CT showed no tumor recurrence 
within the ventricular system, left occipital 
porencephalic cyst, ventricular catheter in 
place and cerebellar hemisphere cavernoma 
with no signs of acute bleeding (figure 2). 
The patient was diagnosed with 
ventriculoperitoneal shunt, left occipital 
porencephalic cyst, cortical atrophy, 
panhypopituitarism, optic atrophy, radio-
induced unruptured cerebellar cavernoma, 
acute respiratory failure, pneumonia and 
right hemidiaphragm paralysis. Because 
the cavernoma was not ruptured, we chose 
conservative treatment. The outcome was 
slowly favorable, under hormonal therapy 
the patient regained consciousness, under 
antibiotic therapy pneumonia healed and 
respiratory failure improved.  
Case 3 
CC, M, 43 years old, was admitted for 
the first time, in 1992 with third ventricle 
tumor and secondary hydrocephalus. The 
patient underwent surgery, we performed a 
transcortical approach, total tumor 
resection and ventriculoperitoneal shunt. 
Histopathological exam was germinoma. 
Postoperative the patient underwent whole 
brain radiotherapy.  
Twenty one years latter, in 2013, the 
patient came for a routine control. 
Cerebral CT and MRI revealed no tumor 
recurrence, ventricular catheter in place, 
no signs of active hydrocephalus and left 
frontal cavernoma without sings of acute 
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bleeding (figure 3). The patient was 
diagnosed with ventriculoperitoneal shunt 
and radio-induced left frontal unruptured 
cavernoma. Due to the fact that the patient 
was asymptomatic and the cavernoma was 
unruptured we chose conservative 
treatment. 
 
  
 
  
Figure 3 
Cerebral CT & MRI. No tumor recurrence, 
ventricular catheter, no hydrocephalus, left F 
cavernoma without sings of acute bleeding. 
 
Case 4 
PCM, M, 69 years old, was admitted in 
another department in 1982 with scalp 
tricophyton and underwent scalp 
irradiation. 
Thirty years latter, in 2012, was 
admitted in our department with headache, 
ataxia and left parietal bulge. Cerebral CT 
showed a left parasagittal parietal cranio-
duro-cerebral tumor, well-defined, strongly 
enhancing contrast, with dural attachment, 
invading the SSS, with parietal bone lysis 
and extracranial extension (figure 4). The 
patient was diagnosed with left parietal 
cranio-duro-cerebral osteolytic tumor and 
partial optic atrophy. The patient 
underwent surgery and subtotal tumor 
resection was performed (the part 
infiltrating the SSS is left in place). 
Histopathological exam was anaplastic 
meningioma. Postoperative outcome was 
favorable, with no neurological deficits. 
 
  
 
 
 
 
Figure 4 
Cerebral CT. Left parasagittal P cranio-duro-
cerebral tumor, well-defined, strongly enhancing 
contrast, with dural attachment, invading the SSS, 
with P bone lysis and extracranial extension. 
Discussions 
In our series of cases patients met 
Cahan’s diagnostic criteria(2) for radio-
induced brain lesions. Radiation side 
effects occur after a long period of 
time.(9;10) All four patients had 
radiotherapy, and after a sufficient long 
period of time, 13, 17, 21 and 30 years, 
another brain lesion with distinctive 
histopathology occurred. Radio-induced 
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lesion occurred inside the radiation area. 
Taking into account the fact that these 
patients were irradiated long time ago, 
when focus radiation techniques were not 
in use, all patients had whole brain 
radiotherapy.  
In our series of patients, fortunately, 
only benign pathology was noted, 2 
patients were diagnosed with meningiomas 
and 2 with cavernomas. Meningiomas can 
grow very large, causing mass effect, 
progressively compressing surrounding 
structures and requiring surgery. Both 
patients with meningiomas had large 
tumors and none was asymptomatic at 
admission. They were operated with good 
outcome. In the other two patients with 
cavernomas, the vascular lesion was 
incidentally discovered, in one case at a 
routine control and in one case after 
altered general state that was not related to 
the cavernoma. In most of the situations 
cavernomas are asymptomatic, and require 
no surgery, unless they rupture or serial 
imaging show progression of the lesion. If 
any sign of progression is noted at follow-
up, treatment options must be 
reconsidered.   
Besides new tumor occurrence 
radiotherapy induced diffuse brain 
atrophy, leukoencephalopathy, optic 
atrophy and panhypopituitarism. Diffuse 
brain atrophy and leukoencephalopathy 
leads to neurocognitive impairment and 
progressive dementia.(12) Optic athophy 
causes visual loss. Panhypopituitarism is a 
condition of inadequate or absent 
production of anterior pituitary gland 
hormones. It is clinical manifest and 
requires synthetic hormonal replacement 
therapy with good outcome. 
Because of the risk of tumor 
development any form of radiotherapy is 
contraindicated in children less 3 years 
old.(3) 
Advances in radiotherapy, with focused, 
boost radiation techniques, that 
concentrates radiations into a target area, 
where the patients receives a high dose, 
and with protection of normal brain can 
diminish the risks of radio-induced brain 
lesion occurrence. Also fraction or 
hyperfraction of doses and the use of 
radioprotectants lower the risks for 
secondary tumor occurrence. Stereotactic 
radiosurgery seem to be a valid alternative 
to radiotherapy, with less complications. 
But, because stereotactic radiosurgery has 
less years of clinical use(5;6;8) compare 
with conventional radiotherapy, further 
studies are needed to evaluate long-term 
complications following it. New devices, 
with low risk of irradiating normal brain 
are: linear accelerator Trilogy Varian,   
CyberKnife, robotic radiosurgery, 
CyberKnife VSI®, Gamma Knife 
Perfexion®, Novalis Tx™ radiosurgery 
platform.(1) 
Thirty years ago the treatment for scalp 
tricophyton was scalp irradiation. 
Nowadays scalp irradiation is no longer 
used. 
Conclusions 
Radiotherapy can cause long-term 
complications and can induce development 
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of new brain lesions into previous 
radiation area. Meningiomas and 
cavernomas may be radio-induced brain 
lesions and may occur following previous 
radiotherapy. Meningiomas can grow to 
large size, requiring surgery. Unruptured 
asymptomatic cavernomas can be left in 
place and patients are followed clinical and 
with serial imaging. Other findings after 
radiotherapy are diffuse brain atrophy, 
leukoencephalopathy, optic atrophy and 
panhypopituitarism.  
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